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The object of this project was to discover and develop a means whereby speech-scrambling
methods used in i{elephone privacy systems could be recognized and decoded. It was found that

no specialized knowledge of different languages was necessary. Considerable emphasis was
placed on discovering and developing methods for speeding up the dedoding process. Fart II
concerns a speech-pattern machine equipped {o monitor voice frequency currents submitted to

it and to record 2 sample 1.8 sec long at any time. The speech patiern portrays frequency along
the vertical axis, time aleng the horizontal axis, and intensity of energy by the density or blacknesas

of the pattern. This machine, although compact and sugged, Joes not conform to the requirements
for Army or Navy use.

. Copies of this report obtainable from CADC,
Electronics (3)
Cormmunications (1) Tecoders (28877

Telephony, Code modulated (92690)
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DR. C. B, JOLLIFFE, Chairman
Commiunications Section

National Defense Research Coumittee
1530 P Street, N
‘wvashington, D.C.

Final Report on Project C-32, Speech Privacy
Decoding (Symbol No, 582)

Dear Dr., Jolliffe:

Attached are 27 coples of the final report covering
the work done in accordance with the terms of a contract now
under negotiation between the Office of Scientific Research

and Development and the Western Electric Company on Speech

Privacyv Decoding,

Yours truly,

R. A. HEISING

Att.
27 copies of
Final Report
c-32.

This Document contains information affecting the
Wational Defense of the Unitel States within the
t’eaning of the dspionage Act, 0.S.C. 50; 31 and 32.
Its transmission or the revelation of its contents

in any manner to an unauthorized person is pro-
hibited by law.
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PART I - METHODS AIID RSSULTS

1. General

The object of this project was to discover and
develop general means whereby speech scrambling methods
used in telephone privacy systems could be recognized and
the requirements for decoding determined. Originally, it
was thought that a comparison of the characteristics of
different languages before and after scrambling might be re-
quired in order to recognize scrambling methods. 4As the
work pregressed, however, it appeared that no specialized
knowledge of different languages 1s needed. Considerable
emphasis, therefore, was placed on discovering and develop-
ing methods for speeding up the decoding process.

The speed of decoding will vary with different
privacy systeus, Souwe systems depend for their effective-~
ness onlv on the inability of an unauthorized listener to
recognize what had been done to the speech. If he is able
to recognize the scrambling method, and can build unscram-
bling equipment, he can thereafter decode the intercepted

message directlyv. In such cases the only delay will be in
getting started.

On the opposite extrere are privacy systems which
do not depend on secrecy of method. In these cases the best
that can be expected is that the message, recorded in
scrambled form, can be decoded piece by piece., Such methods
will usually have a very large number of codes available, so
that even though the method is known, the code must be re-
determined every time it is changed. If the code is changed
cften enough, there will be not only the initial delay, but °

also a ratio of decoding time to message time which wmay reach

prohibitive proportions. That is, if a one-minute message
takes one hour to decode, a ten-minute rnessage would take ten
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houfs, unless a wultiplicity of decoding teams operate simul-
taneously.,

Between these extremes are systems in which a rela-
tively small number of codes are available. Assuming the
method is known, these cases probably can be decoded directly,
either by a multiplicity of listening devices set for 4if-

ferent codes, or by rapidly trwving all the codes in succession.

It should be noted that the present project does not
include study or developrient of systems for intercepting or
recording signels. Nor does it include the development of
means for reassen:bling scrambled speech. It is concerned
only with developing means for recognizing the scrambling
method, and for determining the code,

The general method developed here is based on
analyses of the energy distribution in the scrambled speech
as a function of both time and frequencw, displayed in a
particular graphic form developed at the Bell Telephone
Laboratories some time ago., These analyses are hereafter
referred to as "speech patterns,” and it is expected that
with their help any distortion in frequency or in time can
be recognized both qualitatively end quantitatively. Natu~
rally, however, this can be tried out and demonstrated only
on existing privacy systems.

In addition to the speech patterns, special methods
have been developed for use against an existing privacy
systea of the multiple-code tvre.

2, Speech Patterus

Even in a steady flow of speech, the distribution
of energy over the frequency range is constantly changing.
Voiced sounds have a definite structure, consisting of a
series of harmonics of the fundamental voice pitch, the
harmonics being stronger in some frequency regions than in
others. Unvoiced sounds have no such definite structure,
but show a "smear" of energy which may or mayv not be con-
centrated in definite frequency regions. Words and sounds
are recognized by their energy pattern in.both time and fre-=
quency. Different speakers uttering the same sentence will
produce patterns which show a distinct general resemblance,
but also marked differences. The speech pattern also may be
considerably distorted by artificial means before the ear
fails to Tecognize the speech, provided the distortion is
not too discontinuous in freguency or time, Since privacy
systems depend for their effectiveness on distorting the
speech pattern beyond the possibility of recognition by the
ear, it seems reasonable that this distortion would also be
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visible to the eve if the scrambled speech pattern could be
reduced to suitable graphic form. This is the basis of the
general method developed under the present project.

The nmachine for producing the speech patterns is
described in Part II of this report. IExamples of the pat- -
terns are shown in the attached photographs. TFigure 1 shows < A
sore normal speech, undistorted except that a sloping net- -
work was introduced in the electrical circuit to bring out »
the high frequency structure, since this is always weaker in 3
normal speech than the low frequency regions. In these pat- i
terns, the horizontal scale is time (about 1.8 seconds is o
represented in each example) the vertical scale is frequency B
(the upper liriit is 3000 cycles) and the density or blackness &
represents the intensity of the energy in a given region. It s 4
should be noted that the resolution of the process is suf- K
ficient to separate each harmonic in the voiced sounds. This ;
is important, as will be seen later, because normally the
voice fundariental is constantly changing, that is, the voice
is inflected, and since the harmonics are multiples of the
o fundamental, the higher harmonics show progressively more
g change than the fundamental. For instance, if the fundamental
goes from 100 to 200 c¢ycles the tenth harmonic goes from 1000
to 2000 cvecles, a difference of 1000 cvcles as compared to
100 cvcles for the fundamental. The traces of harmonics in
the visual speech patterns will, therefore, have greater slopes
at the high end of the pattern than at the low end. This may
be seen quite clearly in the examples of Fig. 1.
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FPigure 2 shows patterns of some vowel sounds. In
making these patterns, an attemnpt was made to enunciate clearly,
and also to keep the pitch constant (monotone), so as to show
the difference in energy distribution for these sounds., These
are of interest because of the possibility that the visual
patterns thenselves might give clues as to the words they
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4 contain, Figure 2 also shows the effect on the frequency %ﬁ
3 resolution of widening the band pass scanning filter. The Ak

l"

wide filter gives much better resolution in time,

however, as e

A will appear subsequently. : &
i s
.3 o
Qa Tigure 3 shows some diphthong patterns, showing i
ol transitions from one vowel to another. These pairs were <
“3 chosen because their time characteristics are direct opposites. %S
N o
i 3. Scrambled Speech Patterns &{
1 . .
A Figure 4 shows the output of an existing privacy sys- I
A tew which depends on simple inversion. These patterns, in- -
R cidentally, were made with a commercial telephone set including o
ﬁi a carbon transmitter. It will be noted that in the inverted b
.3 speech, the slopes of the harmonic traces become greater towards
P
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the bottow of the pattern, which is the direct opposite of
normal speech as pointed out in the previous section, and is
therefore a definite sign of inversion. The pattern also
thins out at the bottor, but this could be altered by a suit-
able distorting network., No network, however, can change the
F: slopes of the harmonic traces, Incidentally, the carrier leak
o cshows up in the pattern, giving a direct indicaticn of the
frequency about which the inversion was performed, If the

carrier is completely suppressed, however, its lccation may
be determined by trial.
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A more complicated privacy system is the split band
system, used in transatlantic radiotelephony. 1In this system
the frequency range is divided by filters into seversl bands,

1] el
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i which are then arranged in a different order, and some are in- b
il vertea. Figure 5 shows patterns of the output of such a sys- P
;“ ter. with two different codes. Both of these samples contain E”
9 portions in which the voice was quite msrkedly inflected. The Bz
A apparatus has been so constructed that it is fairly easy to -
K capture such samples., The fact that the frequency range has ?;
B been divided into five bands is quite apparent from discontin- Ep
L uities in the energy distribution, and also from discontinuities ﬁA
& in the harmonic traces, It is also quite apparent that some =
“é of the bands have been inverted because the voice cannot be E;
53 inflected both up and down at once, Looking at the inflected Fr
'ﬁi portions, it is quite easy to find one which is either definitely Fﬁ
;E inverted or definitely erect, Obviously, the other bands can A
B then be immediately labeled inverted or erect depending on e
;g whether they have the same direction of curvature as the band e
“y previously identified. Now, since the frequency scale is =
Lo linear™®, the relative slopes of the harmonic traces in the 2.2
y?ﬁ different bands indicate their original position in the fre- %
e quency scale; the band showing the least slope (or curvature) o
[ must originally have been the lowest band, and the band with B
|’§ the greatest slope (or curvature) must have been the top band. Eﬂ
u -..
Vj The scrambling methods thus far illustrated alter %ﬂ
=u3 the frequency characteristics of the speech patterns., A re- §§

cently developed privacy system, known as Time Division
Scrambling (TDS), operates on the time characteristics of
speech. In this system successive sections of speech, each
| m seconds long, are divided into n short time elements, and
1 these n elements are sent in a scrambled time seqQuence, The
Y
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elements are much shorter than a syllable, so that each word %ﬁ
e is cut up and received as short bursts of energy in the wrong @
A e
9 Lo T ooTToToTommTmmomom o %
'hé * In the present illustrations this not true. The scale de- I
bk pends on the shepe of the plates of an air condenser, and B2
2 new plates have since been made. I
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order: The number of scrambled orders available increases
very rapidly with n. Systems have recently been developed

in which m i1s &s short as .6 second, and n is 20, making each
element 30 milliseconds. A pulse of tone 1s sent every m
seconds to keep the transmitter and receiver in svnchronism,
In one such system over 60,000 codes are available, and they
may be changed quite readily.

Obviously, if it is desired to decode such a privacy
system, it is necessary first to evaluate m and n. Presumably
a machine could then be built to unscramble the speech if the
code were known, Means must then be found for determining
the code, and this decoding process must be repeated every
time the code is changed, If the code 1s changed often enough,
the decoding will lag far behind the nmessage. It is essential,
therefore, that every artifice be smployed to increase the
speed of decoding.

Figure 6 shows some speech patterns scrambied by a
TDS system. It is quite apparent that the speech has been
chopped up on the time scale rather than on the frequency
scale. It is quite easy to determine n by the length of the
elements, and since the synchronizing pulse shows in the pat-
tern, the most natural assumption is that m is given by the
distance between these pulses or some multiple of it. In the
illustration of Fig. 6, duplicate petterns were made, each
element was numbered, and one of the scrambled patterns was
then cut up and reassembled, giving the code. It should be
noted that in the scrambled patterns a few elements within
each code cycle immediately stand out as probably belonging
together, particularly when voice inflection occurs. Usually
the other elements in a section cannot be positively matched,
It is of tremendous help, therefore, that the scrambling order
is repeated over and over, A doubtful natch can be checked
in another section, and matches which are impossible to spot
in one section can be readily spotted in another.

Rather than cut the pattern up &s in the illustration,
an optical system has been built for viewing two duplicate pat-
terns simultaneously., This is shown in Fig. 8. The two
identical patterns are mounted on moveable slides, and viewed
through & system of mirrors which superposes the two, but all
of the upper pattern to the right of a definite line is blocked
out, and all of the lower pattern to the left of this line is
blocked out, so that effectively any two elements may be juxta-
posed to see whethex they look &s though they were originally
consecutive, If a match is discovered in cne section, the
viewer may be shifted without moving the slides, for an im-
mediate check in other sections., ZInstead of dividing the
scrambled pattern with lines and numbering them as in Fig. 6,
suitable scales and numbers for a particulaer TDS system can be
incorporated in the slides,
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Figure 7 shows TDS patterns for a syvstem using
elements only 30 milliseconds long. Here it is distinctly
noticeeble that the dark areas in the patterns carry over .
fro:u one element into the next to a degree which somewhat
interferes with visual matching. This is caused by the
exceedinglv narrow scanning filter. The lower part of the
picture shows the same section of speech scanned with a
filter twice as wide. Here it is apparent that the time
resolution is much sharper, but some of the freguency resolu-
tion is lost, It is not known at present which filter will
prove the more useful for the analysis of patterns from TDS
systems. DBoth are available in the present machine,
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Speech patterns have now been shown to be useful
in decoding all systems of speech privacy known to be in use.
This method, however, which is quite general, may not neces-

sarily be the speediest in all cases,

.-‘.
o
4, Special Methods for TDS

!

}.

The TDS systein appears to be the most difficult to 2

decode of 211 the speech privacy systems known to have been 5

reduced to practice, particularly if a large number of codes
are available and if they are changed often. 4 great deal

of emphasis neturally has been placed on TDS in this investi-

gation. The follouing sections discuss methods particularly

appblicablie to TD3, investigated in parallel with the speech
pattern development,
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4,1 WVave Form Traces
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Speech patterns of the twype thus far discussed are

particularly designed to display the freguency composition 3
of speech, so that distortion of the frequency scale could be %i
recognized visually. Where only the time characteristics Bl
have been scrambled, the wave form itself provides evidence g
which can be visually interpreted. Various methods have been RS
tried, the first being the ordinary oscillograph. Figure @ 5
shows traces of TDS speech, divided into three frequency s
regions, It is quite apparent that there are discontinuities i
in time more sudden and {requent then occur in normal speech, - b
It is possible to cut up such traces and piece them together, P
as has veen done in Figure 10, g

It wes thought that a variable area sound track
would provide more distinctive patterns than oscillographic
traces, and would have the additional virtue that they could
be played back, and could, therefore, serve perhaps as the
primary record of the intercepted messsge. This appears to
be true, as is illustrated in Fig. 11 and 12, showing variable
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area natterns of TDS speech, scrambled and reasseir.bled, The
silhouettes have more distinctive character than the oscillo-
graphic traces, and similarities can be more easily spotted
and checked. 1In these illustrations, two fregquency bands are
represented, the upper band having been modulated down to the
same region as the lower band, to be more easily visible,

In Figs. 9 to 12, the TDS elements were numbered in
their scrambled order, so that the reassembled order gives the
code, In both these illustrations, the elements were 30 milli-
seconds long, twenty elements to the code cycle., (The pictures
show only half the code cycle for space reasons,) They were
numoered, 1, 1%, 2, 8' ~-- 11, 11', 12, 12', etc, Since the
code cyecle is constantly repeated, any match found in one cycle
must also occur in the other cyclies, The cut up traces there-
fore were mounted on vertical strips of Scotch Tape before
matching, 1, 11, 21, 51, 41, on one strip, 2, 12, 22, 32, 42,
on another, and so on. This facilitated checking matches in
& sections at once, Notice, for instance, that 31 and 32°
appear to match in Fig. 12 and this is immediately corroborated
by 41 and 42', the other sections being inconclusive,

4,2 Partial liatching

ST T

$otn, 2330 aezats

The above systems would not serve if the TDS code
were changed very often, in the extrewme case if it were changed
every cycle, One branch of the investigation has, .therefore,
A attacked TDS from a statistical angle, In a system with a suf-
3 ficient number of elements the total number of available codes
is very large. If, however, in a given code cycle a few elements
can be visually matched, the others being inconclusive, it ap-
pears possible to tabulate in advance all the codes which will
satisfy the observed matches, perhaps on IBM punched cards,
thereby enormously reducing the number of codes remaining pos-
sible, The most complex TDS system under consideration has
twenty elements per code cycle with over 60,000 good codes
available, This may be reduced to only 8 possible codes by
matching two groups of three elenents. These eight codes might
concelvably be tested successively by automatic means, the
correct one being recognized by ear, Presumably, the message
could thus be decoded cycle by cycle, A cvcle containing in-
sufficient material for visual matching may possibly contain
no indispensable portion of the message either.
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5, Further Possibilities

. Assuming that the methods outlined in this report

3 apply to all privacy systems which it is desired to crack,

B further work would be directed toward speeding up the proces-
| scs, Improvements in speed can, it appears, be made in all of

the procegses outlined previously. These improvements may be
surmarized as follows.
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5.1 Instentanecus Speech Patterns

As described in Part II of this report, the selected
sample of speech alreadyv is scsnned at mere than twice its
normal speed, the filters, etc. being decigned for this pur-~
pose, It appears quite feasible, by pushing this process up
into television fre¢uencies, to obtain speech patterns of the
same type on the face of a cathode ray tube, for instance,
representrns either a "still" or a "moving" picture of say 1
sgcond of speech, In the latter case tne plcture would be
running off one edge of the screen and onto the other con-
tinucusly. Desirable sections could be stopped at any time,
This appears, however, to require considerable eqguipment as
well as considerable development, and would be undertaken
only if it appeared quite certain that speech patterns af-~
forded the best means of keeping up with a rapidly changing
code,

5.2 Large Variable uarea Patterns

The variable area patterns discussed in Section 4
were produced by a process not reguiring photographic film,
but they had to be photographlcally enlarged for easy inspec-~
tion and handling, which is a slow process at best. It does
not appear impractical, particularly if it is not necessary
to play the record back, and if the high frequencies are go-
ing to be modulated down, to develop a simple recording system
to produce patterns of the variable area t¥pe big enough to
see and handle without enlargement, thus providing instantan-
eous patterns. For cases where the code is repeated, means
mgy be provided by a synchronously revolving once per code
cylinder, vith a corresponding lateral movement, to obtain a
spiral record on which the similarly located elements of ecach
code cycle would be vertically disposed in & manner similar .
to that described in Section 4,1, whereby several matches may
be seen simultaneously,

5,3 Decoding by Automatic Trial

It appears quite feasible to combine a modified TDS
receiving machine with a crossbar switch system, actuated by
punched cards, perhaps, so &s to try successive codes until
one unscrambles the speech., This is particularly applicable
to cases where the code is changed often, but where the number
of possibilities can be greatly reduced by visual means, It
is also, of course, applicable to cases where the total number
of available codes is small,
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5.4 Decoding Equipment

Equipment might be assembled for actually decoding
scrambled speech. For instance, a system of adjustable

band systems.

filters and carriers might be built to take care of all split

This includes shifting and inverting frequency
bands, introducing different delay into various bands, remov-

ing bands of noise, wobbling the carrier, and whatever other
frequency distortion may be included. A TDS decoding system

with ad justable elements and codes also deserves consideration.

It appears desirable that all the proposals for
privacy methods which appear in the literature should be re-
viewed, and that any which look feasible should be examined

as if Tor actual development, thus perhaps suggesting new
decoding problems and new techniques to meet ther.

6. Jecommendetions for Increasing Privacy

The new information obtained during the present
investigation concerning speech characteristics which prove
helpful in decocding existing privecy systems naturslly has
sugsested methods of meking decoding more difficult. The
following methods, for instance, are based on principles ex-

pounded in this report, and ther do not depend on secrecy for
their effectiveness.

6.1 GCGeneral

&, Use a low-pitched voice. This makes it dif-
ficult to get good speech patterns. A4 filter
narrow enough to resolve the harmonics is too
narrov to give good results in time.

b, Don't inflect the voice. An absolute monotone
would avoid the changing slopes referred to
in earlier sections, Unfortunately it is aif-
ficult to achieve, as can be seen by referring

back to Fig, 2 and 3 which were intended to be
uninflected,

Add noise after scrambling the speech, The
object here is to cause the maximum disturbance
to the visual speech patterns. The ear can
concentrate on speech and disregard noise.

The eve has not learned to do that, Noise of
the right kind might make TDS patterns look
more continuous in their scrambled order than

in the order which unscrambles the speech dbut
scrambles the noise.
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6.2 Tor TDS

a. Chenge the code often; repetition is the

most favorable single factor for determining
the code,

b, Make the elements, or the code cycle, or bhoth,
vary in length. This makes it difficult to
et a multiplicity of comparable elements
fevorably disposed for matching,

6,3 Compounding

Indiscriminete piling of one privacy method on an-
other is not recommended. It is notable, however, that spiit
hand systens are decoded by their time characteristics such
as discontinuities or slopes in the harmonic traces, TDS
systems arc decoded by means of tbhe freguency distribution of
en2rgy, particularly by visually matching the harmounic traces
in frequency., If TDS speech, for instance, were subjectsd to
some kind of frecguency multiplication (not differing greatly
from unity) which changed from one element to the next in some
not tog regular manner, visval matching would be very seriously
impaired. Other cowmbinations may suggest themselves whereby
both the frequency and tiiie patterns were operated on in such
a way that neither operation provided clues for the other,

7. Other Speech Pattern Methods

Some methods of producing speech patterns were tried
or considered, which appear to be of less aid in privacy crack-
ing then the methods outlirned in this report. Gome of these
speech pattern methods, hovever, may find other applications,

First there is a scheme using a multiplicity of fre-
quency chaunels, each continuously registering its energy
content, either on paper or on a cathode ray tube. This system
has the advantage of being instantaneous but there appears to
be great difficultyv in having a sufficient number of channels
recorded close enough together to give good resolution in the
frequency scale. A sufficient number of channels sulitably re-
corded might make it useful for TDS, but hardly for any system
whose frequency distribution has been distorted.

In another system which was tried, the band-pass
scanning filter was moved (effectively) back and forth across
the frequency range at a rate (10 to 30 times per®second) in-
tended to blend into a continuous visual pattern. This also
gave instantaneous patterns, and could be registered either
on paper or on a tube. The resulting patterns, however,

showed too much discortinuity in the time scale for the pres-
ent purposes.

H
e 2S

I;-—.

X

S 8 T
v

T4,
Pt O

BIY
A
3

T
Lt

eeS)
BN

" S‘m?'.
——

.'h"',’;'.‘.[
PIPA

AERAT

(¥
b

Xt

-
‘A

TREAN

AN

e

SR

T

T ATy
RS RE ARl

ol




i
1
é 3, Records of Scrambled Specch

, Tarly in this project i1t was felt that decoding :
- might depend on recognizing certain physical characteristics Z
of speech (other than the harmonic traces which have proved

o o*

Vo so useful) such as the length of syllables, the general dis-

v tribution of erergy density, and the like, all of which would =
IS S naturally be expected to differ for different languages. E-2.
e Records were, therefore, rade of speech before and after 2
= being scrambled by the systems using irversion, band splitting, =N,
okt and TDS. DFour foreign languages were inciuded; German, f§

o Italian, Japanese, Frencl, and Erglish., Six different codes -
L are represented in the TOS and in the split band privacy sys- jﬁ
ié tems. The speech samples represented in these records were ;o
3 obtained from commercial phonograph records (Linguaphone) o
foe designed to teach the different languages., Table I lists £ g
3 tre Linguaphone Records, and Table II lists the records de- iz
ﬁﬁ\ signed to illustrate scrambled speech. b7
. bl
o TABLE T s
i 2K
£ LII'GUAPHONE PECORDS ey
. £
:L_'- 1;:‘-
;% 2ecord Playing Tiue Eﬁ
53 Language Ilo. Topic Voices  Band Mins., Secs . 2
@ﬂ Japanese 2E Paying a visit HMale Entire 3 10 iE
5 n 1E Svllables " Outside 1 45 2
S 18 Dialogue 4 Inside 1 4.8 c
] ":; j:'.
%3 *French 7 Dialogue Male Outside 1 5 N
& " 7 " " Inside 1 5 e
e " 8 Ll " Outside 1 50 e
i " 8 " Male & Inside 1 45 £
! Female oyt
& £73
j Italian 17 Dialogue Male Outside 1 45 2
% S 17 " it Inside 1 55 s
& " 18 " " Outside 1 40 b
wl " 18 i " Inside 1 40 2
REt o
My *German 11 Dialogue Mele Outside 2 10 s
o " 11 " " Inside 1 0 s
i " 12 " . " Outside 2 0 5y
) n 12 i lMale & Inside 1 20 £
£ Female %;;
=;é * Belections chosen to be recorded through various [i
& privacy svstems. i
;%
%

e
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TABLE IT
B,T.T., RECORDS TO ILLUSTRATE SCRAMBLED SPEECH

Band Splitting Privacy Siystem

B.T.L. Record

Number Language
5602 Japanese
5603 French
0604 Italian
5605 German

These records are made up of several sections with
different codes and a section in which the code 1s changed
every 20 seconds.

T.D.3. Privacy Svsten

E.T.L. Record

Nunmber Language
6015 Japanese
6016 Prench
6017 Italian
5018 German

These records are made up of several sections with
different codes, some with 60 millisecond elements and some

with 30 millisecond elements, also one section with the speech
decoded.

Inversion Privacy System

B.T.L. Record **Section ‘
Number Number Language
5606 2 Japanese .
56086 3 French
5606 4 Italian
o606 5 German
Normal Speech
B.T.L. Record **Section
Number Number Language
56086 1 Japanese
5607 1 German
5607 2 Italian
o607 3 french

** Counting from outside to inside.
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= PART I1T - THE SPEECH PATTERN LACHINE .
3 i
= 1. Ceneral x
ﬁ; The speech pattern machine is eguipped to monitor
o voice fregquency currents submitted to it, and to record a
'ji sample 1.8 seconds long at any time. It then makes a fre-— ik
«3 quency anclysis of this sample, and records the result on Eﬁ
b dry facsimile paper. The result, known as a speech pattern, o
;g portrays frequency along the verticel axis, time along the %
& horizontal axis, and intensity of energy by the density, or =
i blackness, of the pattern. i
5 :
g Lpart from mounting the facsimile paper, making s
o certain initial adjustments of the controls and selecting g
‘&; the desired sample of speech, the action of the machine is e
. entirely automatic and requires 2-1/4 minutes for the =
y;; completion of a pattern, 3
ﬂﬁ The present embodiment of the speech pattern ma- E
X chine is a laboratory model based on experimental work car- %
x ried out at the Bell Telephone Laboratories before the pres- 2
i ent project was initiated. Although it has been made conpact .
ﬁg and rugged it does not conform to any special standards for &
% portability or to requirements which might be imposed for I
i Army or Navy use. £
n 3 The machine comprises three main units: -
o £
A (1) The recorder unit, shown in the attached photo- s
7 graph (Fig. 13), which serves as a magnetic :
:j tape recorder as well as the speech pattern i
ﬁé recorder. il
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(2) The amplifier-analyzer unit, which is the upper
panel in Figs. 14, 15, and 16,

(3) The power supply unit, which is the lower panel
in the above three photographs, A bPlock schematic
f the complete system is shown on drawing
L5-596253.

2. Descrintion of Iecorder Unit

In the main, the recorder unit consists of a nodi-
fied 12-inch disc recording machine, type 2C S.P., wmanufac-
tured by the Presto Kecording Corporation. In addition to
the usual cutting head carriage and lead screw drive, there
is a brass cylinder about 2-1/2 inches in diameter, mounted
o1 a shaft parallel to the lead screw and driven through s
p2ir of 1l:1 spiral gears from the mein vertical shaft. A
sheet of Teledeltos facsinidle paper is secured to the cylindeor
by means of a pailr of rolling springs encircling the cyliuder.
The recording stylus, consisting of a stainless steel wire
about 10 mils in diesmeter, is mounted on an insulating block
affixzed to the cutting head carriage. The latter can be
raiced or lowered by hand, and in the lovered position the
pressure of the stvlus on the facsimile paper is about 40
grars,

By means of a synchronous motor and rim drive
mechenism, providing both 33-1/3 and 78 rpm speeds, the
turnitable, cylinder and lead screw all rotate, and the
stvlus moves laterally across the paper surface of the
crlinder at the ratve of 96 lines per inch. The marking
or recording on the Teledeltos paper is effected by vary-
ing the electric current flow from the stylus through the
facsimile paper into the cylinder, the stronger the current
the darker the mark made on the paper,

In addition to the above, the recorder has a mag-
netic tape mounted on the rim of the turntable. On this
tape may be recorded a 1l.& second sanmple of the signal to be
analyzed. ZExact synchronism between the cylinder and magnetic

tape is secured by means of the spiral gear drive mentioned
above.

Three electro-magnets, forming part of the magnetic
tape recording systew, provide for (a) erasing previously re-
corded material, (b) biasing and recording new material, (c)
playving back whatever is recorded. Continuous erasing and re-
cording are obtained as the speech currents are monitored, and
by opening the circuits to the recording and erasing coils,
which is done by releasing a key, the last 1.8-second interval
of material is captured and played back over and over, once
for each revolution of the turntable.
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3. Description of liethod of llaking Speech Patterns

The purpose of the following is to trace the action
of the speech pattern machine from the pcint where the speech
currents to be analyzed enter the input of the machine to the
final recording of the speech pattern itself, The description
will be given with reference to the block schematic diagram,

drawing =5-596253, and also to the circuit schematic, drawing
35-396254, both attached,

3,1 Cavturing the Speech Sample

The source of speech currents should be connected
" to the input jack of the machine. A non-locking key (which
operates 2ll the switches shown in the block schematic)

it siould be thrown to position 1. In addition to connecting

» the recording and reproducing amplifier to the recording

R coill of the magnetic tape recorder, this switch also turns

D on the 20 kc erasing and blasing oscillator. Under this
condition, the incoming speech currents ere being continu-
ously reccrded and subsequently (1.8 seconds later) erased.

A lcoud speaker mounted on the front of the amplifier-analyzer
panel, permits monitoring the input, and the level is ad~
justed to approximately zero on the V.U, meter,
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The recording and reproducing amplifier incorpor-
ates sloping networks on switches so that the higher frequen-

cles of the speech currents recorded on the magnetic tape may
be emphasized if desired.
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Upon hearing a suitable sample of speech, the non-
locking key is released. This returns it to position 2,

thereby turning off the biasing and erasing oscillator and

connecting the input of the amplifier to the play-back coil, %§
By the release of the nonlocking key, the l.8-second interval 521

of speech just previously heard is captured as a recording on fﬁ

the magnetic tape. When making the recording the speed of the fj

recorder unit is set at 33-1/3 rpm. 5

3.2 Placement of the Teledeltos Paper %ﬁ

The release of the nonlocking key, as discussed %g

above, also provides for the proper setting of an index, or S
pointer, associated with the brass c¢ylinder on the recorder e
unit, This index enables the operator to place the Tele- e
deltos paper on the drum in such a way that the beginning EQ
of the captured speech sample and the beginning of the paper G
will be concurrent. The Teledeltos paper may now be secured =4
to the drum by means of the springs. Where the ends of the b=
paper come together around the drum, there should be provided 5

& slight and trailing overlap to prevent the stylus from tear-
ing the paper.

v o
)
Aty Ly

‘1)", "3
e

i

5 irhizadia

:E'ﬁlz &

7S

SN
sty v ERET e

~ /

e~

T
(S £

.
T
B ot

|




i S 4 i e L s e

3.3 Plaving Back the llagnetic Tape Recording

The knob controlling the oscillator frequency should .
J be turned to the right &gainst an inlerral stop, and held there,

-4 The turntable speed should be set for 78 cpm, and the level of
o the reproduced signal should be set to & few db below zerd in

i the VU meter, depending on how dark a patvern is desired., The
stvlus should be lowered onto the paver, at the same time re-
leasing the frequency control., The stops at both ends of the
frecuency control are contacts which short circuit the warking
current, so that the patterns are autonetically fixed in widtih,

R
R
.3;

-y

The original band of voice fregquencies ranging from
about 200 cps to 3000 cps is changed due to the increased speed
by a factor of 2.34 to about 470 cps ©to 7000 cps. This band of
Trequenciles is then amplified by the recording and reproducing
aplifier tc a suitable level and transmitted inte the analyzeor
circuit. The frequency response of the wmagnetic tape plus the
\ recording and reproducing amplifiers is shown in the lower

portion of ES-396258,
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3.4 Frequency Analysis

The analyzer circuit comprises, in the main, a double
balanced nodulator, a carrier oscillator whose frequency is
continuously varied by means of a synchronous motor drive on

ay

veay s
fraiedia

EITPTEEI . T

5 the frequency control condenser, and a fixed narrow bsnd-pass =
o filter. b3
o] Chabs
o3 The double balanced modulator provides that neither PR
% the carrier nor the original input signzl are present in the . .
L3 modulator output, only the upper and lower sidebands being =
b3 present. These sidebands, which have an energy-frequency £
o distribution (with respéct to the carrier frequency) identical X
‘1 with the input signal to the modulator, occupv a position in o
YA the frequency scale depending on the carrier frequency. A £
"3 change in the carrier frequency, sayv, lowering it 200 cycles, &
’i will cause the two sidebands to shift to a position in the a

frequency sceale 200 cyecles lower,

L3
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Ay

3

< The narrow band-pass filter has a mid-band frequency W
& such that when the carrier has one extreuse value, only the RE
-.j lowest frequency components of the lower sideband fall within ke
e the pass band of the filter; when the carrier has its other e
o extreme value, only the highest freyuency components of the i
jwi sane sideband are passed. When the carrier fregquencv is slowly e
i changed from one extrerie to the other, the filter will select oo
- the high frequencies, say, and progressively select lower fre- e
A quencies until the whole sideband has been scanned. The output o
3 of the filter will be substantially constant in frequency but 2

radiana

LA A
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will varyaip amplitude with the amount of speech energy falling
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i
. i
& in the selected band of freguencies »nassed by the filter. 4 "
| switch makes it possible to change the effective band width N
i of the filter from 45 cps to 90 cgs, P

)
N

o The circuit and response of the filter is shown on i
= the attached E3-396257. The band width is changed by rieans

of a two-circuit, three-position switch tinich serves to select Lﬁ
the proper values of mutual inductance to give the desired .
characteristics. A balanced 600-ohm input winding is provided £
on the core of one of the filter inductance el:ments for con- A
nection to the copper oxide modulator. 4 center tap on this <
winding provides a path for the carrier frequency introduction,
thus eliainating the necessity for a balanced center tapped
repeating coil between the filter and modulator. There is an
impedance transforication in the filter so that the output works
iato the ¢rid of the folloviing amplifier directly.
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3.5 Recording the Speech Pattern

The output of the band-pass filter is transmitted to
a compressor and marking amplifier. The level variations of
the output of the filter, of the order of 35 4db, are compresscd
to about 12 db. The input-output characteristic of the compres-
sor is shown at the top of ES-396258. Thnis degree of compres—
sion is necessary because of the limited range afforded by th=
Teledeltos paper. The merking amplifier which follows the

3 compressor provides for sufficient output power to cause very
&a dense, or black, marking for the maximum levels,

;g The output of the marking amplifier is connected

i directly to the stylus and the brass cylinder, the latter

j connection being made through a slip ring and brush.

]

JPUSC

It will be noted that the power transmitted to the

stylus and drum is substantially S k¢ in frequency. This

has veen found to work satisfactorilv, since the action of
marking the paper is purely therwmal, depending on the current
flow frorm the sty¥lus through the paper to the drum to generate
heat localized at the point of contact of the stylus with the
paper. The impedance of the paper varies over wide limits
depending on the current flow, another factor necessarily

taken into consideration when designing the compressor and
marking amplifier,

-

. 3

o
"
Sen

IS

T TEVEET §
Lolis

T\ TS
FRRRATE
fatie, o

<
et

Le et 2

IR

Y-

AL LT NS

2
(PO I

2 ¢

et
sonkda

A
TR

4, Physical Description of Units
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The recorder unit is approximately 18" x 18" x 19"

S22t e

»: high and weighs approximately 30 pounds, It is eqguipped with Fis
R an attachment plug and cord for connections to 105-125-volt, rg
1 60~cycle power mains, The power consumption of the svnchro- t}i
ﬂi nous motor is 60 watts or 250 volt-amperes, The type of paper e
ué
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used for the word patterns is lnown as "Teledeltos Grade H"
facsinile paper developed by the Western Union Telegraph

Company, A sheet 4-3/4" x 8-1/4" is required for each record.

The zmplifier-analvzer unit has an input impedance
of 600 ohms and reguires a lcvel of voice Trequency currants
in the range from -4C vu to 0 vu. The usable range of fre-
cuencies ¢l the voice currents lies betwesn 200 cycles and
3000 cycles, he electrical circuiv is gnown in =58-396254,
The unit is mo:nted on a standard 17" pencl 14" high anda 10"
deen, It welgl.s approximstely 40 pounds.

The rower supply unit furnishes a regulated supply
of voltage for the nlates 2nd screens of the amplifier-
analvzer tubes It also furnishes the necessary power for
the lLeaters of those tubes. The electrical circuit is shown
in 35-391755, An attachment plug and cord is furnished Tor
conncetions to 105-125-volt, 60-cyvcle mains., The power con-
sunmption is 170 watts or 215 volt-amperes. The unit is
mounted on a standard 19" panel 7" high, 10" deep and weighs
approximately 40 pounds,

The parts required for the amplifier-analvzer unit
and the power supply unit are listed on drawing ES-396256.

5. Photosrephs

No. 97422 (Fig. 13)
Ho., v7423 (Fig. 14)
o. 97424 (Fig, 15)
No. 97425 (Fig. 16)

5, Drawings

LS-396253 to ES-396258 inclusive,
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